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SUMMARY 


Composite envelopes of T-g records obtained in training and oper- 
ational flights with the F8F-1, SB2C-5/F6E , -5 j F4TL-4-, and TBM— 3 airplanes 
are given and compared with the design envelopes. In addition, the 
records from the f8f— 1, SB2C— 5, and F6F~5 airplanes are analyzed statis- 
tically to show a variation of large values of acceleration and airspeed 
with time . 


INTRODUCTION 


The loads encountered in flight must "be known "before an efficient 
airplane design is possible. For maneuverable airplanes, these loads 
vary with the aerodynamic characteristics and type of operation. Since 
T— g data can furnish the experience of previous airplanes on similar 
missions, the possibility is suggested that flight loads may be predicted 
from the analysis of such records. Work of this nature has been carried 
on for the last few years in this country and abroad, a recent example 
of which is given in reference 1. 

Y-g records supplied the NACA by the Bureau of Aeronautics in 19^8 
and 19h9 have provided additional material. These records are analyzed 
statistically in this report to show the frequency of large values of 
acceleration and airspeed, and results are compared with the design 
requirements . 
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SYMBOIS 


maximum positive or negative acceleration Increment 
on V-g record, g units 

Indicated airspeed at which may inrum, positive or 

negative acceleration increment on V-g record is 
experienced, miles per hour 

maximum indicated airspeed an V— g record, miles 
per hour 

standard deviation of frequency distribution, 
reference 2 

acceleration increment corresponding to V^^ , g units 


average values of frequency distributions of 
An^-y, and V Q , respectively 


probability that maximum acceleration increment 
on V— g record will exceed a given value 

probability that value of maximum acceleration incre- 
ment on V— g record will occur in a given interval 

probability that maximum indicated airspeed on 
V— g record will exceed a given value 

probability that value of maximum indicated airspeed 
on V-g record will occur in a given interval 

total flight time, hours 

average flight time per record, hours 

coefficient of skewness of frequency distribution, 
reference 2 

coefficient of kurtosis of frequency distribution, 
reference 2 _ 


midpoint of class interval of frequency distribution 
number of classes in frequency distribution 



HACA EM L9L13 


3 


SCOPE OF DATA 


The data available fete* analysis consisted of V— g records obtained 
with the f8f- 1, F6F-5, F4U-4, SBC2C-5, and TBMr-3 airplanes. The F8F-1, 
F 6 F— 5, and F4-U— 4 airplanes are single-place fighters; the SB2C— 5 is a 
two— place, lov^-midwing dive bomber; and the TBMr-3 airplane is a three- 
place, midving torpedo bomber. All airplanes are single engine and are 
carrier-based types . A few pertinent details are listed in the following 
table: 


Airplane 

Gross 

weight 

(lb) 

Average 

take-off 

weight 

Stick— force 
requirements, Ib/g 
(reference 3 ) 


(lb) 


Minimum 

Maximum. 

F8F-1 

9400 

9350 1 




F 6 F -5 

12500 

12300 

> 

3 

F40-4- 

12500 

11600 _ 




TBM— 3 

15500 

14-500 


7 

28 

SB2C-5 

15550 

14-200 


3 

13 


Sufficient records were available on the F8F— 1, SB2C-5, 
and F6F-5 airplanes to male a statistical analysis. The distribution 
of flying hours pn these records is shown in figure 1 where the flying 
time per record is plotted against number of records. In addition to 
the data of figure 1, 35 records were furnished on the F4-TJ— 4 airplane 
and 4-5 records on the TBM— 3 airplane. 

Postwar fleet squadron operations of Attach Carrier Air Group H 
provided a common source of records obtained with the F8F-1, SB2Cr-5 , 

F6F— 5, and TBM— 3 airplanes. Operations carried out by each airplane 
were as follows : F8F— 1, diving and dive pull-outs, gunnery runs, routine 

squadron operations; SB2C— 5, dive bombing, gunnery runs, rocket runs, 
bombing and simulated attack; TBM— 3, night operations and glide bombing; 
and F6F-5, bombing rocket runs and simulated attacks. Scans SB2C— 5 
and F4U-4- records were obtained firm the Haval Air Training Station 
at Jacksonville, Fla. 

Wartime operations were 11 m l ted to 76 records from, the F 6 F — 5 airplane 
and 8 records from, the F4U-4 airplane obtained in the Pacific area 
in 194-5. Operations carried out were as follows: F 6 F— 5 , combat air 

patrol, gunnery, and simulated combat; F4U— 4, strafing enemy installations, 
gunnery practice, and simulated combat. 
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METHOD AND RESULTS 


Composite diagrams, or overlays of the V-g records by airplane 
type, are given by the irregular solid lines in figures 2 to 6. Since 
it was not possible to determine the airplane weight at which these 
accelerations occurred, the assumption was made that they apply to an 
average weight at take-off. The dashed— line limit— load-factor curves 
shown in these figures were based on this assumption. 

Although further' study of the V— g records freon the F4T1--4 
and IBM-3 airplanes was prevented by limited data, an analysis of records 
from the F8 f— 1, SB2C— 5, and F6F--5 airplanes was made to determine 
V— g "flight" envelopes and the frequency of large values of accelera- 
tion and airspeed. Figures 7 and 8 are sample V—q records showing the 
values which were read. For the SB2C-5 airplane, seven values were 
read from each record: these were the marl mum positive acceleration 

increment and the airspeed at which it occurred V D J the 

mayinTum indicated airspeed V_ D _ and the acceleration at which it 
occurred An^; and the maximum negative acceleration increment A n mpy 
and the airspeed at which it occurred V 0 ; and the flying time repre- 
sented by the record t. 

Records . from the F8F— 1 and F 6F-5 airplanes differed from, those of 
the SB2C— 5 airplane in having two peaks of positive acceleration. The 
low-speed peak was caused by maneuvers started below the maximum level- 
flight speed of the airplane, while the high-speed peak was caused by 
diving to some excess of speed and pulling out of the dive. In order 
to treat these peaks separately, nine values were read, the last two 
being the maximum acceleration incre men t in high-speed flight and the 
airspeed at which it occurred. 

Tables I to III show each value of acceleration and airspeed 
arranged in a frequency distribution. In order to smooth and 'extend 
these data to obtain the accelerations and airspeeds expected as flying 
time increases, Pearson type probability curves were chosen by the 
methods of reference 4. Essentially, this consists of computing the 
first four moments of the data about the mean and matching these moments 
with the moments of a Pearson frequency distribution. The parameters 
involved are the mean value, the standard deviation a , and the statis- 
tical coefficients ct^ and a^. These curves give the probability of 

exceeding a given value of acceleration or airspeed on a V— g record and 
are used in drawing V— g flight envelopes.. 

Details of the construction of the flight envelopes shown in fig- 
ures 6 to 8 are discussed in references 5 and 6. These envelopes are 
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composed of segments which will be exceeded, on the average, once in 
the stated number of hours with equal chance of being exceeded in any 
range of the segment. In figures 4- and. 6, four segments are used to 
enclose the area: low-speed positive maneuvers, high-speed positive 

maneuvers, maximum airspeed, and negative accelerations. Each envelope 

is broken off on intersection with the curve of C T . 

rmax 

The construction of an envelope segment of maximum airspeed is 
parallel to that of the other segments. In table IV, the occurrence of 
a Tno-ri Tmim value of airspeed on a V— g record and the fact that the value 
occurs at a particular acceleration are considered to be independent 
events. As such, the probability P of a maximum value of airspeed 
occurring in a given interval of acceleration is the product of the 
separate probabilities and is equal to v /kT as explained in reference 5* 
In symbols, this is 



where all values are available except EP V . The corresponding is 

found by reference to the probability distribution of Y mHT . 

Figures 9 to 12 are probability curves transformed by multiplying 
the reciprocal of the probability by r to give the average time 
required to exceed maximum values of airspeed and acceleration. In 
these figures the probability is that the given value will be exceeded 
once in the specified interval of time. The ordinates of these curves 
are the average numbers of flying hours in which an airplane will exceed 
the stated value once; or if large numbers of airplanes are considered, 
the ordinates become the sum of the flying hours of a group of airplanes 
in which, on the average, one airplane will exceed the stated value once. 
The design Id ad factors in these figures are based on an average weight 
at take-off. Negative ultimate load factors were not included since 
they were not critical. Crude statistical tests show that in most cases 
the error due to sampling is less than 5 percent of the airspeed and 
10 percent of the acceleration. 

Figures 10 and 12 compare the loading obtained In low^-speed mane uvers 
with that obtained in high-speed maneuvers. A more general curve gi vin g 
the time to exceed a value of acceleration regardless of the maneuver 
in which it was obtained was found in the following manner: Since a 

maximum value of acceleration increment on a V— g record may occur in a 
high— or low-speed range (but not both), these events are exclusive, and 
the loads due to either were obtained by taking the sum of the separate 
probabilities. In terms of time, this Is 
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T = 


m m 
• L 1 2 

T 1 +T 2 


where the subscripts refer to high— and low-speed maneuvers, respectively. 


The average ratio of airplanes which will exceed the design ult imat e 
load factor to all airplanes flying is shown for given periods of time 
in figures 10 to 12. These ratios are fixed by T/h, where h is the 
average time to reach ultimate load factor, and are a result of the 
failure rate set by the choice of ultimate load factor. Losses are not 
exactly determined, of course, because finding h involves extending 
the original data to the ultimate load, and because airplanes may not 
fail at the design ultimate load. 

Accelerations and load factors based on the normal gross weight are 
shown in figure 13 in order to compare the FSB*— 1, SB2C-5, 
and F 6 F -5 airplanes. 


DISCUSSION 


Since a V— g record obscures values of acceleration and airspeed 
that are not a maximum, a total count of these obscured values cannot 
be made. Figures 9 to 13 therefore give the average time in which 
maximum valuer on a V— g record are exceeded rather than a total fre- 
quency of exceeding given values . The difference is not significant 
for large values, and results given in these figures are said to apply 
to individual occurrences of the large values. The results, however, 
represent a set of operational conditions that only existed when the 
records were taken. The effect of small changes in these conditions 
has not been determined, but a gross change would, in all likelihood, 
give different results. ' 

The application - of statistical methods to maneuverable flight data 
is sometimes objected to on the grounds that maneuvers are arbitrary. 

The data in figures 9 to 13, however, show regular trends with time, 
indicating that while the intent of an individual maneuver may he arbi- 
trary, the accelerations and airspeeds obtained in practice are random, 
and consequently respond to statistical treatment. 

Since the events are random, the frequency of an event does not 
tell when it may occur. It is noted in figure 4 that the maximum values 
of the composite diagram exceed the predicted envelopes or any reasonable 
extension thereof. Figure 10, for example, indicates that the large 
acceleration in figure h, which has occurred in some 5000 hours of 
flight, is only exceeded on the average every 20,000 hours. Apparently 
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then, an airplane can obtain the largest loads in its early hours of 
flight. In this connection it is shown that the position of these events 
within a given period of time is not fixed; and that the event may 
occur first, last, or in the middle of a period of time, depending on 
the starting point from which time is measured. The thing that does 
not change is the average frequency which in this case is one .event in 
20,000 hours. 

Although the average time in which limit load factor is exceeded 
has been used on occasion as a measure of the life of transport air- 
planes, the average time in which ultimate load is exceeded is a more 
appropriate measure for maneuverable airplanes. It is seen in figure 13 
that a maneuverable airplane can exceed its limi t load quite early with- 
out exceeding its design ultimate load in a reasonable time. For pur- 
poses of discussion, therefore, a figure which may be taken to compare 
the safety of maneuverable airplanes is the average time in which the 
design ultimate load is exceeded. On this basis, figures 10 to 12 
indicate that the F8F-1 and SB2C-5 airplanes have practically identical 
service lives while the F6F-5 airplane has a shorter service life by a 
factor of approximately 50. 

Ordinarily the loading experienced by a maneuverable airplane would 
be expected to depend on its maneuverability as measured by stick force 
per g. However, other factors beside stick force per g are evidently 
important. This fact is indicated by the F8F-1 and F6F-5 airplanes 
which obtain accelerations and airspeeds with different frequencies, 
although they have about the same stick force per g- 


CONCLUDING REMARKS 


The analysis of V— g data obtained in maneuvers indicates that large 
values of acceleration and airspeed are random and can be subjected to 
a statistical analysis. Since the limit load factors of maneuverable 
airplanes are exceeded In a relatively short period of time, the design 
ultimate load factor is a more appropriate level on which to base the 
safety of maneuverable airplanes than the limit load factor. It appears 
from the data that other factors beside stick force per g have an 
important bearing on the accelerations that are experienced. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Farce Base, Ya. 
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TflBIB I.— Canoludad 


H 

O 


ERESararcr EiarntBUlTOKJ AHD PABAMRTKR TALOEB IEOH r£&-l HBCC&DS - Ccnoliul®d 


negative accelerations 



0.0 - 0.1 

.2 - .3 
.4 - .3 

.6 - .7 
.8- .9 
1.0 - 1.1 

1.2 - 1.3 
1.4 - 1.5 
1.6 - 1.7 
1.8 - 1.9 
2.0 - 2.1 

2.2 - 2.3 


Fre- 

quency 


140 - 162 
163 - I85 
186 - 200 
209-231 
232 - 234 
255 - 277 
278-300 
301 - 323 
324 - 346 
347 - 369 
370 - 392 
393 - 415 
4l6 - 438 
439 - 461 
462 - 484 


Tro — 

quanny 



v 0 - 271.1 
a “ 65.41 

03 - 0.92 

“ 3.70 


Maximum velaoity 



328 - 336 
337 - 345 
346 - 354 
355 - 363 


364 - 372 
373 - 381 
382-390 
391 - 399 
400 -408 
409 - 417 
418-426 
427 - 435 
436 - 444 
445 -453 
454-462 
463 - 471 
4t2-48o 
481-489 
490 - 498 
499 - 507 

508-516 
517-525 
526 - 534 
535 - 543 
544 - 552 


Jr®— 

quaaoy 
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Positive accelerations 
in level flight 


in _ v „ 

max Fre— o Fre— 

(g) quency (mph) quency 



An = 3.85 
a = 1.33 

Ctg = — 0 . 12 

Ct^ = 2.56 


240 
255 
270 
285 
7 I 300 


8 315 

2 330 

3 345 
360 


224 10 

239 9 

254 21 

269 17 

284 25 

299 6 

314 22 

329 12 

344 7 

359 9 

374 3 


285.43 

47.39 

0.30 

3.10 


Positive accelerations 
in dive pull-outs 



= 3.65 
= 1.29 
= 0.49 

= 3.38 


¥ o Fre— 

(mph) quency 


235 - 249 1 
250-264 0 
265 - 279 1 
280 - 294 6 
295 - 309 4 
310 - 324 7 
325 - 339 6 
340 - 354 13 
355 - 369 5 
370 - 384 8 

385 - 399 5 
400 - 414 15 
415 - 429 13 
430 -444 12 
445 - 459 8 
460 - 474 5 
475 - 489 1 
490 - 504 2 
505 - 419 0 
520 - 534 0 
535 - 549 1 


Y o = 387.22 

a = 57.60 
CC^ = — 0 . l6 

% = 2.47 



















TABLE II.- Conclude! 

FEffiffiKHCI DlSftKIBmiCmB AND PARAMETER VALCOES FRCtt F6F-5 KEC0RD3 - Concluded. 


lo 


Negative accelerations 


Maximum Tftloolty 

^*Wc 

Fre- 

V 

0 

Fro- 


T « 

Fre— 

£si 

T 

Fre- 

(g) 

qxtency 

(a®h) 

money 


(ntph) 

luency 

Ce> 

quency 

0.2 - 0.3 

1 

100 - lllf 

1 


235 - 249 

1 

(-0.4) - (-0.1) 

1 

.If - ,5 

1 

115-129 

0 


250 - 264 

1 

0 - .3 

84 

.6 - .7 

6 

130 - llflf 

2 


265 - 279 

1 

.4 - .7 

15 

.8 - .9 

Ilf 

Hf5 - 159 

1 


280 - 294 

4 

.8 - 1.1 

12 

1.0 - 1.1 

25 

160 - 174 

5 


295 - 309 

9 

1.2 - 1.5 

13 

1.2 - 1.3 

25 

175 - 109 

5 


310 - 324 

14 

1,6 — 1.9 

8 

1.4 -1.5 

19 

190 - 204 

16 


325 - 339 

5 

2.0 - 2.3 

15 

1.6 -1.7 

5 

205 - 219 

17 


340 - 354 

21 

2.4 - 2.7 

9 

1.8 - 1.9 

Ilf 

220 - 234 

22 


355 - 369 

a 

2.8 - 3.1 

16 

2.0 - 2.1 

Ilf 

233 - 249 

14 


370 -3B4 

a 

3-2 - 3.5 

10 

2.2 - 2.3 

9 

250 - 264 

16 


385-399 

3 

3-6 - 3.9 

8 

2.4 - 2.5 

7 

265 - 279 

4 


4oo - 4l4 

15 

4.0 - 4.3 

a 

2.6 - 2.7 

3 

280 - 294 

9 


415-42? 

10 

4.4 - 4.7 

3 

2.8 - 2.9 

2 

295 - 309 

8 


430 - 444 

88 

4.8 - 5.1 

2 

3-0 - 3.1 

' If 

310 - 324 

12 


445 - 45? 

9 

5.2 - 5*5 

3 

3-2 - 3.3 

1 

325 - 33? 

2 


460 - 474 

7 

5.6 - 5.9 

0 

3.4 -3-5 

0 

340 - 354 

5 


475 - 489 

4 

6.0 - 6.3 

0 

3.6-3.? 

1 

355 - 369 

4 


490 - 504 

1 

6.4 - 6.7 

0 

1 


370-384 

3 


505-519 

0 

6.0 - 7.1 

1 



385-399 

1 


580 -534 

1 





400 - 4JJf 

1 


535 - 54 9 

1 





415-429 

1 








430 - 444 

2 






An mar ” 

1.55 

v D - 254.91 


“ 384.7 

Si - 2.07 


0 - 

o.6lf 

a - 62.27 


0 - 59.2 

0-1.50 


°3 " 

0.?lf 

cc^ - 0.66 


*■ 0.02 

Og - 0.44 



3.15 

- 3.25 

1 

^-2.89 

% - 2.47 





* ! 


TfAGA EM L9L13 



HACA EM L9L13 


13 


TABIE IH 

lEEQUEKCy D TflTRTB TEgTCMB AND PARAMETER TAIDES ERCM SB2C-5 EECCKDS 


Positive acceleration 




4.39 

1.36 

O.O7 

3»T2 


v o Ere— 

(mph) fluency 


1 260 - 266 

1 267 - 273 

0 274 - 280 

2 28l - 287 

2 288 - 29k 

0 295 - 301 

302 - 308 
309 - 315 
316 - 322 
323 - 329 
330 - 336 
337 - 343 
344 - 350 
351 - 357 
6 358 - 364 

0 365 - 371 

2 372 - 378 

379 - 385 



V 0 = 327.30 
cx = 27.IO 
Ctg = “0.3^- 

0^= 2.65 


Negative acceleration 


^ Xibt Ere— 
(g) quencyl 


0.0 - 0.2 

• 3 - .5 

.6 - .8 

.9 - 1.1 
1.2 - 1.4 
1.5 - 1-7 
1.8 - 2.0 
2.1 - 2.3 
2.4 - 2.6 
2.7 - 2.9 



Vo 

(mph) 


150 - l£2 
163 - 175 
176 - 188 
189 - 201 
202 - 214 
215 - 227 
228 - 240 
241 - 253 
254 - 266 
267 - 279 
280 - 292 
293 - 305 
306 - 318 
319 - 331 
332 - 344 
345 - 357 
358 - 370 
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TABIE IV 

VARIATION OF MAXIMUM INDICATED AIRSPEED WITH ACCELERATION 
INCREMENT FOR THE F8F— 1 AIRPLANE 



Mid— 

Z 


Pad v 

2000 Hours 

5000 Hours 

EP 

V 

V 

Tnft;y 


v 

max 

-1 

0 

1 

2 

3 

4 

5 

6 

-0.5 

.5 

1.5 
2-5 

3.5 

4.5 
5-5 

0.975 

.875 

.630 

.368 

.170 

.062 

.0175 

0.100 

.245 

.262 

.198 

.108 

.044 

0.0223 
.0091 
.0085 
.0113 
.02 06 
.0504 

503 

510 

511 
508 
503 
491 

O.OO89 

.0036 

.0034 

.0045 

.0083 

.0201 

510 

516 

517 
515 

511 
503 


T = 2000 or 5000 hours 
T = 31.23 

k = 7 



SP T = ^ 


At 2000 hours, SP T 
At 5000 hours, SP 


0.002231/P Ati 
0. 0008923 /P^ 









Number of records Number of records Number of records 
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O S to IS to Z5 % 30 35 AO AS SO 35 60 gS 70 

F/ymg hours per record 

• 1 t s 3t,Z hours 

(a) F8F-! airplane . 


10 f 

!5 

to 

3 


I IO IS, 20 2 S 

j Flying hours per record 

x~ 3.7 hours 


(6) 3S>2C~S Oirpfane , 


70 - 
60 - 
40- 
20 - 


* 6.3 

Flying hours per record 
k - 3.24 Hours 


(c) F3F-5 airplane 


Figure 1.- Distribution of flying hours of records used in the anal ysis 
of F3F-1, SB2C-5, and F6F-5 airplanes. 



1 



H 

-1 


Figure 2.- A 292-hour V-g composite of records obtained vitb airplanes. 
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Figure V.- A comparison of predicted 2000- and 5000-hour envelopes with a 5235 - hour V-g composite 

of records obtained with the F8F-1 airplane . 



ro 

o 



Figure 5.- A comparison of predicted 2000-hour envelopes with a 7^0 -hour V-g composite of records 

obtained with the SB2C-5 airplane. 
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Figure 6.- A comparison of predicted 2000- and 5000-hour envelopes with a ^90-hour V-g composite of 

records obtained with the F&F-5 airplane. 
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Figure 7-- Sample Y-g record from the SB2C-5 airplane. 
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Figure 8.- Sample V-g record from the F8F-1 
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F8r~i — v 
/firp/ore^j 


5BZC-5 

/Airplane 


- Fer-s 

Airplane 


J? 1 


- /SesT^icfec/ 

airspeeds 




o C3 O cumulative freque 
distribution from 
\/-g records 


ZOO . 40° . 6 

A/Iaxtmurn irra/ccrTea cttrspeecr } Rnor-i. 


Figure 9.- Average time required to exceed a given value of maximum 

indicated airspeed. 
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Figure 10,- Average time required to exceed a given value of maximum 
acceleration increment on a V-g record from the F8F-1 airplane. 
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figure 11.- Average time required to exceed a given value of maximum 
acceleration increment on a V-g record from the SB2C-5 airplane. 
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Figure 12.- Average time required to exceed a given value of maximum 
acceleration increment on a V-g record from the f€lF- 5 airplane . 
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Figure 13.- A comparison of the average time required to exceed given 
values of maximum acceleration increment on V-g records from 
the F8F-1, SB2C-5, and F6F-5 airplanes. 
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